We consider a submerged fluid-filled cylindrical shell subjected to an external acoustic pulse, and analyze the structure of the field radiated by the shell into the fluids, both external and internal. We first propose a computationally efficient semi-analytical model of the interaction based on the Reissner-Mindlin shell theory combining some of the classical methods of mathematical physics with the finite-difference methodology, and then use the model to simulate the interaction. We demonstrate that the model accurately reproduces the wave structure of the radiated fields seen in the experiments for submerged evacuated shells, namely both the symmetric Lamb waves S0 and the pseudo-Rayleigh waves A0. It is further observed that the internal and external wave patterns associated with the A0 waves exhibit the same alternation of the equiphase lines as the one seen in the experiments for a plate loaded by the fluid on both sides, a result that seems to be particularly relevant in the context of very limited number of experimental images of the radiated field for shells loaded by fluid from both inside and outside. Not less interestingly, we also demonstrate that the Scholte-Stoneley, or A, wave is also reproduced by the model.
MATHEMATICAL MODEL
We consider a circular cylindrical shell of radius r 0 and thickness h 0 filled with and submerged into fluid, and assume that the internal and external fluids are identical, Figure 1 . We assume that the shell is subjected to an external acoustic pulse originated at a point located at distance R 0 from the axis of the shell. We assume that the fluids are irrotational, inviscid, and linearly compressible, and employ the wave equation to model the fluid dynamics of the interaction, while the shell is modeled using the Reissner-Mindlin shell theory (Naghdi and Cooper, 1956) which has been recently shown to provide very good results for the case of a submerged evacuated shell (Iakovlev et al., 2013) .
We use the solution methodology that we have developed and validated in our earlier work (Iakovlev, 2006 which is based on the combination of the classical methods of mathematical physics and the finitedifference methodology. Specifically, we apply the separation of variables to the spatial variables and the Laplace transform to the temporal variable in order to obtain the analytical expressions for the acoustic components, and then couple the structural and acoustic parts using the one-dimensional finite-difference approximation. The approach has been shown to provide excellent accuracy and computational efficiency, and is a very attractive choice for the class of problems in question.
The resulting analytical expressions for the acoustic components are then obtained in the form of series with time-dependent coefficients which are the convolution integrals of a certain characteristic of the system and a response function of the problem. The response functions capture the most essential aspects of the scattering and radiation by the shell, and do not depend on the physical parameters of the system, only its geometry, a feature that makes them a very attractive choice from the point of view of computational efficiency.
The Laplace transforms of the response functions for the external fluid domain are given by
where K n is the modified Bessel function of the second kind of order n, and r is the dimensionless radial coordinate, while the Laplace transforms of the response functions for the internal fluid domain are where I n is the modified Bessel function of the first kind of order n. The inversion of (1) and (2) is not a straightforward procedure, and the specific details on their inversion procedures can be found in Iakovlev (2008b) and Iakovlev (2006) , respectively.
RESULTS AND DISCUSSION
We simulate the interaction for a steel shell (with the parameters as outlined in Ahyi et al., 1998) filled with and submerged into water, and with the thickness-to-radius ratio of 0.10, Figure 2 . Such a relatively large thickness chosen in order to highlight the ability of the model to handle the thicknesses far above what we referred to as the "very thin shells" in our earlier work, i.e. the thickness-to-radius ratios of 0.01 or less (the range for which the Kirchhoff-Love model was shown to provide very good results, Iakovlev et al., 2013) . The halftones were assigned individually in each image and differently for the internal and external field in order to highlight the structure of the radiated field. The time is shown in non-dimensional units, the unity corresponding to the time it takes for the incident pulse to move over the distance equal to one radius of the shell. Along with the incident and scattered waves, two different radiated waves are distinctly observed in both internal and external fluids, the faster-propagating lower-magnitude wave and the slower-propagating highermagnitude one. The former is the symmetric Lamb wave, or the S 0 wave, and the latter is the antisymmetric Lamb (pseudo-Rayleigh) wave, or A 0 wave (Ahyi et al., 1998) . One of the most interesting features of the A 0 wave is the alternation of the phase of the waves observed in the internal and external fluids, which is in keeping with what have been seen for a plate loaded by fluid on both sides (Ahyi et al., 1998) .
Another feature that definitely deserves attention is the effect that the complexity of the internal field due to the wave phenomena associated with the S 0 and, particularly, A 0 waves, has on the wave phenomena associated with the propagation of the internal pressure wave, its focusing upon the reflection off the tail region of the shell being the most interesting feature (Iakovlev, 2006) . It is rather obvious that the effect is very pronounced, but from the practical perspective, it would be most desirable to quantify these changes for varying shell thickness, and this is one of our current research objectives. Specifically, it appears that plotting the peak pressure values versus time for various thicknesses would be most useful here, as well as possibly recording the lowest pressure as well, in order to provide some preliminary insights about the possibility of cavitation in the system.
We further note that although not clearly identifiable in Figure 2 , for thinner shells another wave has also been detected, namely the Scholte-Stoneley wave, or A wave (Derbesse et al., 2000; Sessarego et al., 1997) , Figure 3, where the early stage of the development of the wave in both the external and internal fluids is shown for a shell with the thickness-to-radius ratio of 0.06; the wave most clearly manifested in the external fluid where the phase shift of the A 0 wave is obvious, but is also detectable in the internal fluid. The pressure was scaled in a way that allows for the best representation of the effects in question, thus some areas are completely "washed out". t=4.50 t=4.75 
